Natural disasters are increasingly common and emergency relief is often provided to help the affected countries recover. The United Nations started the Central Emergency Response Fund (CERF) in 2005 that allows for fast allocation of money to providers of humanitarian aid. This thesis evaluates this fund with respect to natural disasters, since its effectiveness can have implications for future emergency relief allocations. The following question is answered: Do the grants provided by the Central Emergency Response Fund decrease the output growth volatility caused by natural disasters? A panel database is constructed and dynamic panel models are estimated by applying the Generalised Method of Moments. Results show that when CERF funding is provided after a natural disaster, the expected effect on output growth volatility of the natural disaster is neutralised and close to zero. This implies that CERF funding is effective, however, reports on the functioning of CERF report possible improvements concerning the allocation. Furthermore, alternative estimation methods might provide consistent results.
Introduction
Recently, reports about global warming have been predicting an increase in natural disasters, such as earthquakes, droughts and tsunamis. Such natural disasters can have dire consequences for the economies of the countries affected by it. The paper by Raddatz (2009) , shows an increase in the incidence of such disasters of 30% in the last decades. Furthermore, a significant effect on the GDP per capita of affected countries has been established. Many different organisations provide international aid after such catastrophes. The United Nations (UN) started an initiative to better structure the provision of emergency aid and offer faster funding to humanitarian organisations. In 2005, the Central Emergency
Response Fund (CERF) was established, which is funded by voluntary contributions both from governmental and non-governmental organisations (World Health Organization, 2010) . Its objective is to focus on life-saving activities by giving out grants. Special Rapid Response grants are given in such sudden crises as natural disasters and can be provided within 48 hours. An example of this is the CERFfunded response in 2015-2016, when El Niño caused flooding in several continents, leading to a humanitarian crisis (CERF, 2016b) . Furthermore, Rapid Response grants are also provided in cases of armed conflicts.
As many countries provide different kinds of emergency aid, it is useful to analyse the effectiveness of the Rapid Response grants provided by CERF. Natural disasters have an effect on the growth rate of countries (Fomby, Ikeda et al. 2013 ) and often the focus for emergency relief is of a humanitarian nature, but a stabilising effect for the economy could be the result. Second, the CERF allocation of Rapid Response grants is relevant and its economic impact. Third, the combination of a natural disaster with CERF funding on the output growth volatility, which is the main focus of the thesis. This thesis first provides a theoretical framework, where concepts are defined and previous research is discussed. Next, the methodology discusses the models, data and estimation method used. This is followed by the data analysis and estimation output, and in the discussion results are interpreted. Finally, the conclusion summarises the results, answers the research question and mentions the limitations of this research.
Theoretical framework
In order to evaluate the effectiveness of CERF, several concepts should be defined. Furthermore, previous research suggests expected outcomes. While much research has been done on natural disasters, humanitarian relief and the allocation of emergency relief, specific economic evaluations of funding systems are rare. First, the effect of natural disasters on the economy is discussed. Next, attention is given to the effect of emergency relief, followed by a discussion on CERF itself.
Natural disasters and the economy
In the paper of Spiegel, Le et al. (2007) , a natural disaster is defined as some form of natural hazard which affects the population or an area, and can result in severe damage and increases morbidity and mortality. Often, the community needs international aid to be able to cope with such a disaster. The main difference with other disasters is that it is caused by a natural phenomenon and not by humans. (2007) . "Occurrence and overlap of natural disasters, complex emergencies and epidemics during the past decade (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) ." Conflict and Health 1: 2-2.
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These natural disasters affect the economy of a country. For example, Kuropka and Jankowiak (2016) analyse the effects of natural disasters in ASEAN countries. They mention the high number of deaths, the destruction of infrastructure, and the integration of production networks, which requires a stable environment. In case of a natural disaster, such a production network can incur high costs, as was for example the case in Thailand after a flood in 2011.
Some theoretical channels through which a natural disaster can affect the economy are described by Samphantharak (2014) . First, there is a loss of physical capital due to the destruction caused by the disaster. This can lead to a decrease in output and foregone income. Second, due to the increased morbidity and mortality, there is a decrease of human capital. Education and health institutions are affected. Furthermore, following Schumpeter's idea of 'creative destruction' and the convergence debate, theory suggest that there are also positive effects of natural disasters, as the economy has more opportunities to grow again. Fomby, Ikeda et al. (2013) apply an empirical approach, where they focus on the growth aftermath of natural disasters. By using panel data from 84 different countries and distinguishing between different types of natural disasters, they find heterogeneous effects. The effects of natural disasters turn out to be stronger on developing countries than on developed countries. Also, not every natural disaster has the same effects. Some moderate natural disasters can even have benefits. However, when a natural disaster is severe, there are never positive effects. Porfiriev (2016) complements this result, stating that the effect of a natural disaster on the economy depends on the following factors: the size of the economy and the type of the natural disaster.
Furthermore, he also states that recent research finds negative relationships between the occurrence of a natural disaster and GDP growth. Here, the effect is also greater on developing countries.
2.2
Emergency relief and the economy 
Methodology
To determine the effectiveness of the CERF funding, a similar approach is applied as in the research by Ebeke and Combes (2013) . By collecting data from several sources and testing models, one can see whether the output growth volatility has decreased or increased due to a natural disaster in combination with CERF funding. First, the three models are specified. Second, the data used is discussed, and finally, the estimation method is explained.
Models
Model 1 establishes the relationship between the occurrence of a natural disaster and the size in terms of deaths, and the output growth volatility. The model is also extended to include armed conflicts, as these are also part of the CERF funding.
Where is the output volatility and the second term is a lag of the output volatility. Furthermore, u represents the country fixed effects. The occurrence and impact of a natural disaster is here measured as the deaths due to the natural disasters happening in a certain year as a percentage of the population in that year. The expected outcome here is a positive effect, similar to other papers. Thus, the null hypothesis tested here is that 2 > 0. Also, the model is extended to control for severity of the natural disasters, where one would expect a more severe disaster to have greater impact on the output growth volatility.
Model 2 specifically looks at the effect of the CERF funding on the output growth volatility, without taking into account disasters and their size.
The CERF funding is measured as the percentage of funding-to-GDP of a country. Here, the expected outcome is a negative effect of the relief on the output volatility, thus the following hypothesis is tested:
Model 3 combines the two previously tested models. By including an interaction variable between natural disasters and a CERF fund dummy, the interactions between the variables can be disentangled and analysed. The model is also extended to include the deaths due to armed conflicts and interaction variables, to control for these funds from CERF.
From model 3 the expected result is the following: a natural disaster will increase output volatility, thus Marble Research Papers
Data
To be able to test these models, a panel database is constructed. First, the data from CERF are used.
The allocations around the world per country for the years 2006-2016 can be found on the website (CERF, 2016a) . This last year is excluded due to incompleteness at the time of writing. CERF has allocated funds to 94 countries. Second, data from the World Bank, the World Development Indicators, are added to the dataset (World Bank, 2016) . Data on GDP per capita and the population of the country are added. Several countries are dropped from the database due to data limitations: Palestinian territory, Cuba, Eritrea, Iran, Korea, Libya, Mauritania, Somalia, South Sudan and the Syrian Arab
Republic. This leaves 84 countries in the database. Third, the data on natural disasters are collected from the Emergency Events Database (EM-DAT) (Below et al., 2016) . In one country (Jordan), no natural disaster occurred and therefore it is eliminated from the dataset. For the extended models, data are obtained on the armed conflicts in a certain country from the UCDP Georeferenced Event Dataset (GED) (Melander and Sundberg, 2013) . This dataset contains all armed conflicts and the corresponding deaths. Aggregating those per country per year allows for using them in the panel dataset that is created. Finally, a panel data set is obtained which contains data on 83 countries over the time period
2006-2015.
Estimation method
For the estimation of the models, the Generalised Method of Moments (GMM) is used. As the models are dynamic panel models, since a lag of the dependent variable is included, a suitable method should be chosen. For panel data, often Ordinary Least Squares (OLS) with fixed effects is used, or the Least Squares Dummy Variable (LSDV) method. However, several papers on econometric models mention problems that can occur when using a panel dataset with only a few years (small T) and many crosssectional units. As CERF only exists for 10 years, this is relevant for this research, and a more advanced econometric method has to be applied here. Baltagi (2008) explains the problems that occur when including a lag of the dependent variable in the model. One of the regressors, namely the lag of the dependent variable, is correlated with the error term. In this case, the lag of output growth volatility is included in the structural equation. Due to this lag, the assumption MLR.4, the zero conditional mean assumption as mentioned by Wooldridge (2013), is violated. As this assumption is one of the requirements for OLS to be unbiased, the method is biased. Assumption MLR.4', a weaker version of MLR.4, also does not hold, and therefore the method does not provide asymptotically consistent estimators. The fixed effects method does not provide a solution to this problem and is thus also biased and inconsistent. The resulting bias is often called the Nickell bias and it turns to zero as T goes to infinity. Many econometricians have suggested alternative methods to be able to estimate consistent dynamic panel estimators.
The Generalised Method of Moments (GMM), introduced by Hansen (1982) , offers a solution to this problem by adding instrumental variables and is able to provide consistent estimators of the parameters of interest (Hall, 2005) . Instrumental variables can help deal with endogeneity problems. By including the lags of the regressors, the correlation with the error term is eliminated. There are two requirements for a valid instrument: first, the instrument should be correlated with the regressor, and second, the instruments should not be correlated with the error term (Wooldridge 2013) . Figure 3 shows a graphical representation of the use of a lag of an independent variable as an instrument. In the GMM method, this concept is used and many instruments are included to get consistent estimators.
Evaluating the effectiveness of Emergency relief of the Central Emergency Response Fund after natural disasters There are different types of GMM estimation methods: difference GMM and system GMM. Here, difference GMM is used, where the data first is first-differenced to control for fixed effects. This method has been proposed by Arellano and Bond (1991) and is therefore called the Arellano-Bond GMM estimator. In this GMM estimation, lags of the dependent variables are included as instruments. A twostep estimator is used, as this estimates a large-sample robust variance-covariance matrix (Mileva, 2007) . Also, the matrix is robust to panel-specific autocorrelation and heteroskedasticity. Eviews9 provides tools to estimate the Arellano-Bond estimator, and provides relevant test statistics as well.
Data Analysis
The GMM method needs some special care when interpreting the estimation outputs. In the tables that are presented here, the P-value of the Hansen test is reported. This is based on the J-statistic, and tells something about possible overidentification in the model. It tests the null hypothesis that the instruments are uncorrelated with the error term. When the P-value is low, the model therefore is not very good, as the GMM method does not seem to provide a solution to the problem of the dynamic panel model (Mileva, 2007) .
The assumption of GMM implies that the instrument is uncorrelated with the error term. Thus, in this case, the second lag of the output growth volatility should not be correlated with the error term for year t. This can be tested by performing a test for autocorrelation, the Arellano-Bond test for zero autocorrelation (Hujer, Zeiss et al. 2005) . The relevant null hypothesis here is no autocorrelation. The results of these test, for both AR(1) and AR(2) autocorrelation, are also reported below the estimation results. The models are estimated in turn, each with some additional specifications or additions to test for robustness of the results. Table 1 shows the descriptive statistics for the dataset used. the relationship between the occurrence of a natural disaster and the output growth volatility. Both the simple and the extended model estimation show a negative coefficient for deaths due to natural disasters happening in the same year. In the simple model, this is also the case for the lag. In the extended model, an increase in deaths due to a natural disaster last year is expected to have a positive effect on the output growth volatility this year. Also, armed conflicts are expected to increase the output growth volatility, however, in the same year already. The Arellano-Bond two-step estimation method is used, GMM weighting matrix White period. * significant at 10 percent; ** significant at 5 percent; *** significant at 1 percent.
One should be cautious when interpreting the simple model in column (1), since the P-value for the Hansen test is low and the null hypothesis of uncorrelated instruments with the error term can be rejected at 1%. The extended model can reject this null hypothesis at 5%, and is therefore also not very
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A problem with the previous regression output might be that all disasters are included. Some are minor, and their effect on the output volatility might be incredibly small or non-existent, as appeared in other literature. Therefore, making a distinction between the severity of the disasters can be value-adding. In column (3) and (4) 
Model 2
The next model investigates the relationship between CERF funding and the output growth volatility. Table 3 shows both the results that are obtained by using GMM, but also a different specification that is obtained by applying fixed effects. Hansen test P-value -0.000697
Number of instruments -16
Arellano-Bond test AR (1) AR (2) --0.0213 0.5750
Robust-White period weights standard errors are in parentheses. Regressions are at country level and time dimension. The dependent variable is the standard deviation of GDP per capita growth. CERF fund ratio is calculated as a percentage of GDP. The Arellano-Bond two-step estimation method is used, GMM weighting matrix White period. * significant at 10 percent; ** significant at 5 percent; *** significant at 1 percent.
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This is due to the low P-value of the Hansen test, which does not provide much proof for the GMM method in this case. Even though fixed effects might not be consistent, a comparison might be useful.
With GMM, the best specification is one where the log is taken of the CERF fund to GDP ratio. For the fixed effects method, the most suitable specification includes a squared term of the CERF fund to GDP ratio.
The GMM estimation indicates a small coefficient close to zero for the logarithmic term, which is significant at a 1% level. For the fixed effects method, the linear term has a positive coefficient, significant at 5%. The quadratic term, however, has a negative sign and is significant at a 10%. The negative sign for the quadratic term implies a parabolic shape with a maximum.
From the data analysis followed that there are two possible specifications that suit the data. One is a logarithmic form, and the other is one of linear-quadratic form, which implies interesting results. Figure 4 shows the specification preferred by the GMM method. Thus, the expected effect of the CERF funding is upward sloping, meaning that as the CERF fund ratio increases, the output growth volatility increases as well. When CERF funding is equal to one, the logarithm equals zero. From this simplified picture, one could argue that CERF funding is thus only effective up to 1% of GDP. However, if an intercept is included, this threshold might change. Due to the positive slope, an increase in the funding will lead to a less strong effect on the output growth volatility. Figure 5 shows the expected relation between the CERF fund ratio and the output volatility according to the fixed effects method. The CERF fund ratio ranges from 2.37E-06 to 1.840113, and therefore not only the upward sloping part of the parabola is relevant. When calculating the maximum given by the estimated formula, the fixed effects method solves for 0.99% of GDP. These results suggest that for an increase in the CERF fund to decrease its effect on output growth volatility, the funding should be more The simple model is first estimated without lags and in the second column lags are included.
Figure 4. The specification as estimated by GMM
The simple model without lags again has a low P-value for the Hansen test. The coefficient of the CERF fund dummy is close to zero, which suggests no differences in the intercepts. Deaths due to a natural disaster are expected to decrease output growth volatility. When CERF funding is allocated, the expected effect of the natural disaster is close to zero (-0.022410 + 0.017900). The model with lags estimates a positive coefficient for the natural disasters variable, and a negative one for the interaction term, both significant at a 10% level. When CERF funding is allocated, the effect is again expected to be close to zero. Also, while not significant, the natural disasters that occurred last year also are expected to have a minimal effect on the output growth volatility when CERF grants are provided.
Second, the extended model is estimated without lags and with lags. Results correspond with the simple model with lags, as combining the occurrence of a natural disaster with CERF funding leads to a coefficient of close to zero and is even slightly negative. The coefficients for the armed conflicts variables are not significant, however, including these variables improves the fit of the model. On the other hand, the number of cross-sections reduces greatly when including these.
Robustness check
To analyse the robustness of the obtained results, additional regressions are run. Here, instead of using the percentage of deaths due to a natural disaster, the intensity measure previously introduced is used.
This implies that also those who lost their homes or got injured due to a natural disaster are taken into account. For model 1 the Hansen test P-values are again low for the simple and extended model that do not control for severity, 0.000781 and 0.004886 respectively. When adding a dummy for the severity of the disaster, the P-value is higher, 0.494218 for the simple model and 0.209977 for the extended one.
Similar to previous test, the non-severe natural disasters are expected to have a small negative effect on the output growth volatility in the same year. The Arellano-Bond two-step estimation method is used, GMM weighting matrix White period. * significant at 10 percent; ** significant at 5 percent; *** significant at 1 percent.
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The coefficient equals -0.001021 and is significant at the 5% level. Also, a severe natural disaster is expected to increase output growth volatility in the same year, with a coefficient of 0.001011 and a significance level of 5%. However, when armed conflicts are added, this is not the case anymore. When measuring the natural disasters in a different way, one should apply this method too for the armed conflicts. However, precise data on the amount of people affected due to armed conflicts is hard to find.
The new estimation of model 3 does not result in useful models, since the P-values of the Hansen test are low. A few of the relevant interaction variables have a negative coefficient, which is in line with previous findings. The total effect of the natural disasters according to these estimations is not zero but slightly negative.
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Discussion
From the data analysis, it is possible to infer conclusions which are relevant for discussing the effectiveness of CERF. Here, the null hypotheses which are stated in the methodology are evaluated.
Model 1
In the first model, the relationship between natural disasters and the output growth volatility is estimated. The null hypothesis is that there is a positive relation, as natural disasters affect the resources in the economy, and this is established in previous research as well. Following the results in the previous section, one can say that there is not much evidence for the deaths of natural disasters to increase output growth volatility. Non-severe natural disasters, however, have a small expected negative effect on output growth volatility. In one of the estimated models, the severe natural disasters do have an expected positive effect on output growth volatility which is significant at a 10% level, but this is not the case in the other models that are estimated. Still, the simple model controlling for severity of the natural disasters has the best fit, so there is some evidence for the null hypothesis. It is questionable whether these results are reasonable when one does not control for the funding and relief that has been received by the countries, since the ceteris paribus effect of the disaster cannot be determined. Since the dataset is based on the CERF data that is available, not all natural disasters that occurred during the time period 2006-2015 are included. This might be why the results are less strong than expected from previous research.
Model 2
This model evaluates the relationship between CERF funding that is allocated and output growth volatility. From the data analysis followed two possible specifications that suit the data. One is a logarithmic form with a positive slope. This implies that an increase in funding will lead to a less strong effect on the output growth volatility. However, that is not desirable, as the funding should decrease output growth volatility in order to be effective. Due to the logarithmic properties, CERF funding might only be effective up to 1% of GDP, but this depends on a possible intercept and solid conclusion cannot be drawn. One can conclude that CERF funding is to some extent effective, however, an increase in the size of the funding does not necessarily lead to less output growth volatility.
The second specification is based on the fixed effects method and suggests a parabolic shape.
These results suggest that for an increase in the CERF fund to decrease its effect on output growth volatility, the funding should be more than 0.99% of GDP. Important to notice, however, is that in the database only 2 countries have received funding of more than 0.99% of GDP. As this number is small, it is debatable whether this effect still exists when the dataset would contain more of such cases. Also, similar to the GMM specification, additional variables in the formula could change this value. This specification shows that the size of the funding does matter, which is in contrast with the GMM specification.
The null hypothesis for this model was that CERF funding has a negative effect on output growth volatility. This cannot be rejected, however, it does not hold completely. 
Conclusion
Natural disasters are increasingly common and previous research shows that the economy of developing countries is more severely affected than those of developed countries. Many organisations exist that try to provide humanitarian relief after such catastrophes, which affect many human lives. The United Nations started the Central Emergency Response Fund (CERF) that allows for fast allocation of money to providers of humanitarian aid. By creating this fund before the actual occurrence of an event, the money can be allocated quickly. In 2016, CERF has been in existence for 10 years, and an evaluation of the allocated funding can provide new information in the structuring of such relief after natural disasters.
Therefore, this paper answers the research question: Do the grants provided by the Central Emergency
Response Fund decrease the output growth volatility caused by natural disasters?
By collecting data on CERF allocations from the years 2006-2015 and additional data on natural disasters, armed conflicts, and economic indicators, a panel dataset is constructed. Three models are estimated, which analyse the different relationships between output growth volatility, natural disasters, and CERF funding. Overall, the three models contemplate each other and results are mostly consistent.
The first model showed that the effect of severe natural disasters on the output growth volatility is expected to be positive, but this result is not consistent for all estimations. Non-severe natural disasters (less than 1% of the population affected) are expected to have a positive effect. The reason that natural disasters appear to have no effect in some of the estimations can be explained when looking at the estimation of model 3, where CERF funding is included in the model. One can see here that when funding was allocated to a country after a natural disaster, the effect of the natural disaster on the economy is negligible. Furthermore, for model 2, the most suitable specifications are a logarithmic function and a linear-quadratic one. The first implies that an increase in CERF funding is only effective when it is less than 1% of GDP. The linear-quadratic specification implies a maximum. From this estimation, the expected maximum is at 0.99% of GDP. Therefore, an increase in CERF funding only decreases output growth volatility when it is beyond this point. These two specifications are in contrast with each other, and due to possible biases it is not clear which specification is more suitable.
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To get back to the research question, one could say that there is some evidence of CERF funding to be effective. It is effective in the sense that from these results, one could say that the funding neutralises the effect of the natural disaster. In order to confirm these results, more data is necessary.
Currently, only 10 years of data are available. This lack of data can result in biases, but several econometric methods are better able to deal with that than the methods used here. The GMM-system method could be used, or the Least Dummy Squared Variable Correction method. Furthermore, different combinations of variables could be added to distinguish between different kinds of disasters and different effects over time. These are left for future research. Also, it would be interesting to see what the effect of CERF funding is on armed conflicts, instead of on natural disasters.
